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Introduction

Recent GNHA efforts to expand scope include HALEU fuel fabrication.

Higher enrichments are necessary to support the advanced fuel cycle

' —
' Sodium
N

SNM-1097 License Amendment
Pre-Application Meeting LEU+ Fuel
Fabrication

Urasium Zr
Alloy

USNRC i
Rockville. MD

May 3, 2022

SNM-1097 Fuel Facility License
Natrium HALEU Fuel Fabrication Design &
NRC Licensing Update

June 2022
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Why Higher Assay LEU?

LEU+ HALEU (Up to 8% )WRs

A Existing BWRs/PWRSlizing Accident Tolerant Fuel (ATF) designs sutio@Slad(FeCrAl
cladding) or ARMOR coated zircaloy cladding types require higher enrichments to permit
higher exposure (up to ~80k MWD/MTU). Anticipated near term peak assay neec®vatre
%23%U.

A The value to reactor utility is potentially high, LEU+ may permit optimization fuel cycle
economics. Less fuel required with longer fuel cycle may improve fuel economics for exist
fleet of LWRs.

A LEU+ may position PWRs to achieve a desired goal eahe@th fuel cycle.

W Higher exposures and longer cyctesildtheoretically generate less SNF.

HALEU (up to 20%)SFR Fuel

A Advanced reactors and novel SMR designs
utilizing Sodium Fast Reactor (SFR) technology FEESss

—

require metallic uranium fuel with assays —
up to ~20 wt. % U235. Z
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SCALE®G.1 Validation (6.1.3, LEU+)

i HITACHI
A ENDF/BVII continuous energy (CE) cross i Nt i
2 a Nuclear Energy

section libraries used to support a .
variety of AOAs (7 total)

Globs Nualeas Fual

SCALEG6.1/KENO-V| Monte

A USL And Bias + Bias Uncertainty O-vi
Determined for Independent Parameter ?Raer\llo fg)de Validation Report

H/23°U, or EALF

A The MATLAB computer code, USLSA* is
used for the statistical analysis of

criticality safety code validation.
AOA3S: LEU
AOAL: LEU Heterogenous
Homogeneous System Compounds w/o
6X mMnon 60 @] Absorbers

"

OX mMmandn guad: | HopoO
A SNM1097 License Amendment is premised on AQAOA3 [S‘[\II\A1097, Chapter 5, Tables 5.1 and 5.2]
A 5dz5 G2 t+01 2F 0SYOKYIN] SELSNAYSyGa 6AGK ySa@abNEy | 6&2NDSN]
{/1[9k¢{!'blaL O2RS 4l & I LILX A SR-23620 assécSsintidfity Beivaey o andS8POK Y I NJ a M
SYNAROKSR aeéaiS Y agbiasSudcarainty); MoSK AOK, ] forMOA aril ADAZ, respectively.

.
1 2% o H'O{I[G{Ata G A Ot ¢c22¢ TZNJ/m & 1 ylfeagns
H ITACHI FTrans. AmNVucl Soc.g{Gl, UZ{71!;I§3 22507). F ) / ) a6 :
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SCALE®6.2 Validation (6.2.4, HALUE)

A ENDF/BVII.1 continuous energy (CE) cross {3 HITACHI
section libraries used to support a variety GE Hitachi Nuclear Energy
of AOAs (2 total) ;

Validation of SCALE 6.2.4/KENO-VI with the
Continuous-Energy ENDF/B-VIL1 Cross Section

A USL And Bias + Bias Uncertainty Library for HALEU Systems
Determined for Independent Parameter Rev. 0

H/23%U, or EALF _

A A statistical analysis tool in EXCEL with the
addition of an opersource statistics
package; the Real Statistics Resource
Pack XRealSta)s USLSA, was developed
for criticality safety code validation (a total
of six (6) normality tests performed)

FOAL HIALEY AOA2: HALEU For both AoAs: SSNPL is the only
geneous Heterogenous ) . ..
Systems Compounds applicable nortrending statistical methoc

6X oT@drc gi| OX Haedm 4l G, dbfdifhine a valid USL
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LEU+ Feedstock Transport

o o

UX-30 Overpaclg Type B Fissile Package containing the 30B cylinder

30B Cylinde Contains minimum 99.5 % &t maximum net weight 2,277 kg JF
(currently limited to 5 wt. % enrichment with a stated Criticality Safety Index [CSI] c

r ]
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LEU+ Feedstock Transport |
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Interunit H,O

CSI=0.0: At 8.0 wt.%U, an infinite 3D array of Model 30B J#ylinders*
Is demonstrated to remain subcritical independent of interunit water
moderation using anore detailed ellipsoidal ends model construct

*Banfield, J., Paulson, LR, Cylinder Handling, Storage, and Transport at 8% Enrichment, NCSD 2022 Topical,

Anaheim, CA, June 2022 _
HITACHI GNir
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LEU+ Feedstock Transport I

keff+3o vs. Interunit WTFR H20

CSI = 0.0: A horizontally infinite planar array of up-tayérs of Model
30B cylinders containing thmaximum allowable net weight 2277 kg
UFR;,can be demonstrated to remain subcritical at 10.0 wt.%

HITACHI Gﬁﬂ.ﬂ-—mp. 10
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LEU+ Feedstock Transport Il

x| firnate
HFT
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e i 05 = 0 2M=5 14525, variable cayload. D01
hz
e 5. = 0.038]

CSI = 4.0: A finite 5x1x5 close packed array of Model 30B UF6 cylinders
(2N = 25ontaining themaximum allowable net weight ~1700 kg UF
can be demonstrated to remain subcritical at 20.0 wt.%
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HALEU Feedstock Transport

Reinforced =
Standard &
Drum Lid {;1"

Security Seal ~

e
Vibration Pads
CV Lid Plug ~
CV Lid Nut HEU Product
— Material C
Containment
K -~ Banded Can
Vessel (CV) Handles with
Silicone Rubber
Special Drum Can Spacers

~ Y-12 Patented

|
-
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Vibro-Cast |
Drum Insulation T —

S Y Kaolite 1600 =
> . /' A
™ Silicone Rubber g

Vibration Pads

VersaPac ModeNP-55 MKklI

ES-3100

OPTIMUS®-L

Candidateransport containers under evaluation:metal payload at20.0 wt.%

HITACHI GNMF“

12



LEU+ Fuel Fabrication

A Existing GNA fuel fabrication facilityebaselinedo 8.0 wt. % U235.
A 45 nodal analyses completed using SCALE ésighificant workload over 3 years.

A CSA effort divided into three separate phases of work. Each phase was categorized as HIGH,
MEDIUM, LOW depending on and perceived impact to plant.

A Some key impact area(s) included: liquid radwaste treatment system, pellet storage cabinets, &
HF recovery pollute tank physical modifications required.

A SNM1097 License Amendment Request (LAR) complete with ISA Summary was submitted to
USNRC June 24, 2022.

UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHBGTON, D.C. 20S55-0001

Movember 2, 2022
SUBJECT: ACCEFTAMCE OF GLOBAL MUCLEAR FUEL — AMERICAS, LLC, LICENSE

AMEMNDMENT REQUEST FOR 8 WEIGHT PERCENT LURAMNIUM-235
(ENTERPRISE PROJECT IDENTIFICATION NUMBER L-2022-LLA-DDES5)}

HITACHI GNir ;
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LEU+ Fuel Fabrication (exam

A Liquid Radwaste Systeqpipe tank array
(floorplan model construct, e spacing):

Laundry Condensats Pod

Polishing Filters

L]
L
B e i N Ly
Filter Feed Pod(s)
Primary Bag Filter Houstngs

' L
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LEU+ Fuel Fabrication (example)

A Pellet storage cabinetsempirical water spray test(s)

r 15
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LEU+ Fuel Fabrication (example)

A Pellet storage cabinetspoly slot design
modification option(s), optimal interunit H20

GNir
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LEU+ Fuel Fabrication (example)

A HF pollute tank annulus modification
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~ — __GADMilIb Various Spacer Thicknesses (8 wt.% 2331)
_ POLYETHILENE 1
| _ F‘IZIL'\"ESTEF_!_
Do
P - 056 =
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' When a spacer/displacer of drehes, or |
- H ITACHI thicker, is inserted next to the inner or outer r
wall, then the new 8% annular geometry is

also subcritical Global Nuclear Fuel
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HALEU Wetal Fuel Fabrication

A Material propertiesc reactivity comparison

SCALE 6.2.4 k., reactivity studies: u metal, u-zr alloy

wir_hZo
LEM0 - _ _'_,_,.,_—'-"'_-.
T — 1T
> oin H__,;— ATl
,',ﬁ"' _-"'”’Fr —r - > W
‘:;;:’ .-"'dff.::-'"- -
A -
,ff::: .’_F,.-’*H —=—u-metal: variable enr .
f’,f';. s-uzr_alloy: variable enr
? == u(20)_metal: variable h2o o
=i u|20)zr_alloy: varlable h2o
Case Set Compound Density (g/cc) Ko Y%delta_kk
u, dry metal u(s) 19.05 0.95104 0.0
u(8) 19.05 1.18404 24.5
u(10) 19.05 1.30421 37.1
u(20) 19.05 1.67623 76.3
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HALEU Wetal Fuel Fabrication

A Uranium Metal vs. Uranium Alloy Subcritical Limits at 20.0 #A%%

Subcritical Limit

oumey T NAL AL S Toc U Metal | U-10Zr Alloy | Unit
Sphere Mass Homopensous 1" Water 5.55 5.54 ke U
, Top:1” Water < < e
Hemisphere Mass Homogensous Bottom-24" Concrete 5.85 5.93 kg U
Sphere Violume Homogensous 1" Water 12.08 12.60 liter
Infinite Cylinder Diameter Homogeneous 1" Water 1.78 7.88 inch
Infinite Slab Thickness Homogeneous 1" Water 392 3.99 inch

. . Top:1” Water = - .
Infinite Slab Thickness Homogeneous Bottom: 74" Concrete 255 262 inch
Infinite Svsiem Concentration Homogensous NA 58.33 Jg20 2l
Heterogeneous .
M . "’ 2 5. J
Sphere fass Fuell mm dia. 1" Water 6.20 96 kz U
Heterogensous " . =9 1
Sphere Mazs Fuel3 mm dia. 1" Water 572 7.88 kzg U
Heterogensous - 7
M 2 E J
Sphere Mass Fuel:5.415 mm dia. 1" Water 12.09 1044 kz U
. Heterogensous Top:1” Water - .
Hemisphere Mass Fuoel: 1 mm dia. Bottom: 24" Conecrete 6.60 6.38 kg U
, Heterogeneous Top: 1" Water .
spher B . 4 17 ;g U
Hemi i Mass Fuel:3 mm dia. Bottom: 24" Concrete &1 § kg U
. Heterogeneous Top:1* Water 5 - ;
Hemisphere Mazs Fuel:3.413 mm dia. Bottom:24” Concrete | 127! 1093 kg U

. Heterogeneous vy 7 i
Sphere Volome Fuel0754 . 6.35 mm rad. 1" Water 10.70 11.41 Irter
Infinite Slab Thickness Heterogeneous 1" Water 3.72 3.83 inch

Fuel:0.3 - 7 mm dia.

Infini . Heterogeneous Top:1" Water = .

e Slab Thickaess Fuel:0.3 - 7 mm dia. Bottom: 24" Concrete 241 230 tnch

Subsetof a subcritical limits shown (USL=0.9584)definedreflector, particle

sizerange-2 LJO A Y I §

. HITACHI
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HALEU Wetal Fuel Fabrication

A Uranium Metal at 20.0 wt.%35U

i Jjuartzy  —@— Graphite — Water )
700 Dry uranium metal

hemisphere mass limits
shown (USL=0.9584}
function of reflector
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Aaximum Subcritical Mass Limits (kg T')

Graphite j88.1
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Water 5821 377
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[

2747 2716 272.2 271.3 271.8% 270.0 271.8 271.
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HALEU Metal Fuel Fabrication

A The uranium metal fuel fabrication is premised on INL-EBRcess experience (ca. 1965).
Metallic fuel has an important historical significance in the development of nuclear reactors
and continues to be relevant to the progression of advanced test and power reactors.
About 30 years ago, the Experimental Breeder Redti®@BRI) was the last reactor in the
U.S. to utilize a full core of metal driver fuel.

U Description And Proposed Operation Of The Fuel Cycle Facility For The Second
Experimental Breeder Reactor (EBHANL6605]
U Fabricating Fuel for the Versatile Test Reactor [INLLEFEE3555Rev002]

A In the interest of time/export control considerations, the metalliZralloy fuel fabrication
LIN2OS&aa oAff ySSR (G2 06S O20SNBR d | f14S

PORT CONTROLLED INFORMATION
Contains technology subject to LS. export controlz govemed by the Export Administration Regulations (15 CFR Part 730 et s2q.)
andfor the Department of Energy regulations (10 CFRE Part 810). Diversion contrary to U.5. law is prohibited.

HITACHI GNir ,
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LEU+ (8%) Product BWR Fuel Transpa

————y%

UNITED STATES

HUCLEAR REGULATORY COMMISSION
WASHINGTOM, D £ 35550

April 10, 2023

SUBJECT: AMENDMENT REQUEST FOR THE MODEL NO. RAJ-II PACKAGE

SCALE 6.1.3 & KEN®Qare used; @ package or hardware modifications.

Expand authorized contents to include 8 we¥J enrichments for 10x10 lattice and rods.
Criticality Safety Index (CSIl) adjustment needed for incre@8ddenrichment.

RAJI SAR (rev. 11) under active NRC review.

Model No. RAl, USA/9309/B(U}B6

H ITACHI %IHF I Fuel ”
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